Abstract
INTRODUCTION
Pipes are the important media for transporting fluids (liquid or gases) from one place to another under pressure. The efficiency depends on minimize the losses in fluid flow is important. Pipes consist of elbows, T-junctions, bends, contractions, expansions and many other components. When a fluid flows through a pipe due to friction between walls and to the layers of fluids, the energy is converted into thermal energy. Hence energy losses are developed in terms of the fluid height known as the head losses. These losses are classified into major losses or linear head present throughout the length of the pipe and minor losses or singular head occurring due to minor appurtenance and accessories present in a pipe network.
These appurtenances encountered by the fluid flow are sudden or gradual changes of the boundaries resulting in a change in magnitude, direction or distribution of the velocity of the flow.
In case of sudden contraction, the flow separation in the vicinity of the contraction plane causes an increase in pressure loss, which affects erosion rates and heat and mass transfer rates at the separation and reattachment regions. The variation in pressure is due to Contraction of the flow to the vena contracta and expansion to the wall of the small pipe.
In case of sudden enlargement the area of the pipe increases suddenly along the length of the pipe (at a 90 degree angle). The downstream velocity will be lower than the upstream velocity. The energy lost is because of turbulence. Amount of turbulence depends on the differences in pipe diameters. Time to time many researchers worked in order to achieve a general and precise formulation of the diverse type of head losses. Weisbach, 1855 was the first one to give the concept of relation for head loss. Darcy and Weisbach formulated equation -Darcy -Weisbach formula to measure accurate pipe friction loss. It is one of the most accurate formulas for measuring the pipe friction loss but is difficult to calculate and use than the other friction formulas.
In this paper the analysis was done on very small area and common components of pipe network i.e. sudden contraction and sudden enlargement of pipes. The main aim behind the project is to find the solution to minimize head losses.
DETAILED PROCEDURE
The current study used FLUENT, to solve the balance equation using control volume approach. These equations are solved by converting the complex partial differential equations into simple algebraic equations.
Two dimensional geometry was used to study the flow in pipe for solving the mass, momentum, and energy equations. The phase velocities were defined at the inlet boundary of the pipe upstream. The к-ε turbulence models with standard wall functions were used to solve the problems. The gravitational acceleration of 9.81 m/s2 in upward flow direction was used. 
_______________________________________________________________________________________

GEOMETRY DETAILS
The geometry was done in the GAMBIT with measurements, larger pipe diameter and length as 40mm and 40mm, smaller pipe diameter and length as 20mm and 60mm in case of sudden contraction and enlargement. Similarly in case of gradual expansion and contraction of the pipe. Defining required boundaries like inlet, outlet and wall of the geometry and mesh under tetrahedron. The figure shows the mesh geometry of the fluid flow. 
SOLUTION STRATEGY & CONVERGENCE
The simulation is done in the FLUENT based upon the governing equations. The steps followed in the fluent are define Model, define Material, define cell zone, boundary condition, solve, iterate, and analyze results. The governing equations used to solve this problem as below.
Continuity Equation
Continuity Equation also called conservation of mass. Consider fluid moves from point 1 to point 2.
The overall mass balance is Input -output = accumulation Assuming that there is no storage the Mass input = mass output.
However, as long as the flow is steady (time-invariant), within this tube, since, mass cannot be created or destroyed then the above equation.
According to continuity equation, the amount of fluid entering in certain volume leaves that volume or remains there and according to momentum equation tells about the balance of the momentum. The momentum equations are sometimes also referred as Navier-Stokes (NS) equation. They are most commonly used mathematical equations to describe flow. The simulation is done based on the NS equations and then K-Epsilon model.
Fig-4.1: continuity equation
(1)
Momentum Equation and Bernoulli Equation
It is also called equation of motion .According to Newton's 2nd law (the time rate of change of momentum of the fluid particles within this stream tube slice must equal to the forces acting on it). 
org 43
The gravity force in the direction of flow Fg = -dW sin θ {W=m g = ρ dA dL g}. = -ρ g dA dL sin θ {sin θ = dz / dL}. = -ρ g dA dz.
(6) The net force in the direction of flow F = m a {m = ρ dA dL . = ρ dA dL a. = ρ dA u du.
We have ρ dA u du = -dP dA -ρ g dA dz {÷ ρ dA } ⇒ dP/ ρ + udu + dz g = 0 ---------Euler's equation of motion. Bernoulli's equation could be obtain by integration the Euler's equation. ∫dP/ ρ + ∫udu + ∫dz g = constant.
⇒ P/ ρ + u2/2 + z g = constant. ⇒ ΔP/ ρ + Δu2/2 + Δz g = 0 --Bernoulli's equation.
Kappa-Epsilon Model
The K-epsilon model is most commonly used to describe the behavior of turbulent flows.It was proposed by A.N Kolmogrov in 1942, then modified by Harlow and Nakayama and produced K-Epsilon model for turbulence. The Transport Equations for K-Epsilon model are for k, (8) For, (9) Realizable k-epsilon model and RNG k-epsilon model are some other variants of K-epsilon model. K-epsilon model has solution in some special cases. K-epsilon model is only useful in regions with turbulent, high Reynolds number flows.
RESULTS
Flow Analysis in Sudden and Gradual
Enlargement of Pipe: 
CONCLUSION
The flow through sudden and gradual change of pipe diameter(enlargement and contraction) was numerically simulated with water by unsteady flow in k-epsilon scheme. The major observations made related to the pressure and velocity contours in the process of flow through these pipes. Sudden enlargement creates more severe formation of flow eddies than sudden contraction. Also, the losses are more at the point where the enlargement in the pipe begins. In the sudden contraction, vane contracta's are formed at the point of contraction and effect of viscosity is negligible on the pressure drop through sudden contraction.The pressure drop increases with higher inlet velocity and hence with higher mass flow rate. This point is the most susceptible point for pipe damage.
So, to increase the life of the pipe in cases of sudden contraction & enlargement, the pipes must be designed in view of the above observations making the corners more round so as to minimize the losses in the pipes.
To conclude, this examination results indicate that FLUENT can be used with high degree of accuracy to visualize the minor losses due to minor appurtenances and accessories present in a pipe network.
